Introduction
Antibiotics are among the most common drugs prescribed to children in ambulatory care settings. 1 Upper respiratory tract infections (URIs) account for more than 70% of pediatric outpatient visits in which antibiotics are prescribed. 2, 3 Upper respiratory tract infections are multiple diseases characterized by inflammation of the upper part of the respiratory tract, including sinusitis, pharyngitis, otitis media, and rhinitis (common cold). In 2006, these conditions jointly were the most frequent acute diagnosis in the ambulatory care settings in the United States. 4 Most types of URIs are not indications for antibiotics as they are usually caused by viruses. 5 The use of antibiotics in viral URIs has been declining, whereas the inappropriate use of antibiotics for bacterial URI has increased. 2, [6] [7] [8] Increased broad-spectrum antibiotic use in conditions that should be treated by narrow-spectrum antibiotics warrants great concern. 1 Excessive and inappropriate use of broad-spectrum antibiotics leads to the development of new resistant strains of microorganisms. 9 Therefore, it is especially significant to avoid antibiotic misuse in children as they represent a large reservoir for resistant bacteria. 10 The dramatic increase in the prevalence of antimicrobialresistant pathogens represents a public health threat that has gained attention from several national organizations. The Centers for Disease Control and Prevention (CDC) has led substantial efforts to raise awareness about antibiotic use and resistance. In the early 2000s, CDC launched a campaign, known as "Get Smart," aimed to reduce antibiotic resistance by, in part, encouraging providers to adhere to appropriate prescribing guidelines. 3 Along with the national efforts to promote appropriate prescribing behaviors, it is important to capture the patterns of broad-spectrum antibiotics prescribing and identify the factors associated with it. Previous studies suggested a substantial increase in the use of broad-spectrum antibiotics during the past 2 decades. 6, [10] [11] [12] However, few studies were conducted to identify factors associated with prescribing broad-spectrum antibiotics for children with URI among ambulatory care settings. 2, 10 In this study, we sought to describe the patterns of prescribing broad-spectrum antibiotics for children with URI on a national 2 Clinical Medicine Insights: Pediatrics level. In addition, we sought to comprehensively evaluate factors associated with broad-spectrum antibiotic prescribing during pediatric outpatient visits, aiming to better inform where future efforts for judicious use of antibiotics may be needed.
Methods

Study design and data source
This was a cross-sectional study design of publicly available data from the National Ambulatory Medical Care Survey (NAMCS) and the National Hospital Ambulatory Medical Care Survey (NHAMCS) between 2006 and 2010. These 2 national surveys are conducted annually by the National Center for Health Statistics. 13 The NAMCS samples visit to physician offices, whereas the NHAMCS samples visits to hospital outpatient departments (OPD) and emergency departments (ED). These surveys use multistage stratified probability sampling so nationally representative estimates can be formed from the data generated. 13 The focus of this study is only on office-based and hospital-based outpatient visits so ED visits are not included. When taken together, these surveys can be incorporated to produce nationally representative samples of ambulatory care visits.
The NAMCS uses a 3-stage probability sampling method to capture data on visits to nonfederal employed office-based physicians. 13 The first stage of sampling is the selection of 112 primary sampling units (PSUs). Within each of the 112 PSUs, physician practices are stratified and randomly assigned to a 1-week reporting period. The final stage is a systematic random sample of visits to the assigned practices. The NHAMCS, on the other hand, is a 4-stage probability sampling of ambulatory visits made to nonfederal short-stay hospitals located in the 50 states and the District of Columbia. 13 The survey consists of 2 components: OPD component and ED component. The first stage of sampling comprises 112 geographic PSUs. Second stage is sampling of hospitals within PSUs. In the third stage, clinics within OPD in addition to emergency services are selected, and in the final stage, patient visits to these settings are sampled. The survey is a 4-week reporting period, during which the assigned physicians collect data for visits.
Data collected for NHAMCS are nearly identical for NAMCS, with some differences for ED component. Data in both surveys are recorded by physicians. The information collected in these surveys include patients' demographic characteristics, symptoms, diagnoses, medications prescribed, and other practice related variables. Both NAMCS and NHAMCS collect data on up to 3 unique diagnoses and up to 8 medications prescribed for each visit. Also, information on diagnostic procedures, insurance type, and providers' specialty are collected as well.
Study population and identification of URI-related visits
Ambulatory care visits made by children aged 6 months to less than 18 years between 2006 and 2010 were eligible for inclusion in the study. During this period, visits of children diagnosed with URI were identified from NAMCS and NHAMCS-OPD components. In both data sets, up to 3 distinct diagnoses were made for each visit in accordance with criteria from the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Acute bacterial conditions of URI, for which narrow-spectrum antibiotics are the first-line therapy according to the clinical practice guidelines, 14 were included in this study. These conditions are acute otitis media (ICD-9-CM: 381-382), acute sinusitis (ICD-9-CM: 461), and acute pharyngitis (ICD-9-CM: 034, 462-463). Chronic types of URI, such as chronic bronchitis and chronic sinusitis, were excluded from the study because these conditions are usually complicated, and narrow-spectrum antibiotics are not typically indicated for their treatment. 14 For the same reason, visits that were coded as a chronic problem, using the "major reason for this visit" item on the survey, were excluded from the study as well. As antibiotics are not beneficial in viral URIs, 14 visits with viral URI diagnoses were excluded from the study. Infants less than 6 months of age were not included in the study because at this age, the guidelines recommendations differ considerably from older children. 14 
Outcome measurement
The outcome of interest in our study was the utilization of broad-spectrum antibiotics for URI diagnoses within pediatric ambulatory care settings from 2006 to 2010. Factors associated with prescribing broad-spectrum antibiotics were identified using a binary outcome. The outcome was coded as whether a broad-spectrum antibiotic was prescribed or not (ie, yes versus no). Starting in 2006, the NAMCS and NHAMCS incorporated Multum Lexicon system to classify medications. 15 The Multum Lexicon is a comprehensive database that includes all prescription drugs available in the US market. 16 Under this system, medications are coded based on their generic components and therapeutic classes. There are 3 levels of therapeutic classes. Using Multum therapeutic category level 1 of antiinfective, relevant antibiotics were identified. Broad-spectrum antibiotics were defined to encompass amoxicillin-clavulanate, second-and third-generation cephalosporins, and macrolides.
Covariates
Physician and patient characteristics were considered for the analysis. Patient age was divided into 3 categories: <2 years, 2 to <6 years, and 6 to <18 years. Race was categorized as white, black, and other. Geographic regions included Northeast, Midwest, South, and West. Insurance type was categorized as private, public, and self-pay/other. Metropolitan statistical area (MSA) was coded as MSA and non-MSA. Physician specialty was recoded into family doctor, pediatrician, and other. Setting type categorized as physician office (NAMCS) and hospital outpatient department (NHAMCS-OPD) was also considered in our study. Because severe symptoms might influence physician's decision, visits in which fever (ie, temperature Alzahrani et al 3 ⩾100.4°F) was recorded were identified and considered for analysis.
Statistical analysis
Descriptive analysis of demographic and clinical characteristics of ambulatory care visits over the 5-year study period was conducted. Patient visits' weights were used in providing national estimates. Simple and multiple logistic regressions were used to identify factors associated with prescribing broad-spectrum antibiotic. A simple binary logistic regression was performed for each of the covariates to evaluate association with broadspectrum antibiotic prescribing. Factors that were nominally associated with the outcome (P < .25) were used in the multivariate model. These variables were further evaluated in the multiple regression analysis. The URI-specific diagnosis and fever were included in the final model regardless of their bivariable association with the outcome. We also conducted a multivariable stratified analysis where all factors were further evaluated among those 2 years or younger versus those older than 2 years. A P value of less than .05 (2-tailed) was considered statistically significant. All statistical analyses were conducted using SAS software version 9.4.
Results
Patterns of broad-spectrum antibiotic prescribing
A total of 4013 outpatient visits for children with URI from both NAMCS and NHAMCS-0PD data were included. Of them, 46% were visits from persons younger than 2 years. Most of the study visits were from patients who were white (85.6%), had private insurance (63.6%), and were diagnosed with acute otitis media (71.5%) ( Table 1) . Over the 5-year study period, 39% of the children with URIs received prescriptions for broadspectrum antibiotics that represent an estimated average of 6.8 million visits annually. Visits in which broad-spectrum antibiotics were dispensed occurred most commonly among children <2 years (3.5 million visits), those with private insurance (4.5 million visits), and visits from patients with acute otitis media (5.2 million visits) ( Table 1) . Broad-spectrum antibiotics were frequently prescribed for patients <2 years with URI, accounting for 43% of all visits made by this age group (Table 1) . Other characteristics with high frequency of prescribing broadspectrum antibiotics included visits in the South (47%) and visits from patients with acute sinusitis (46.6%).
Prescribing of broad-spectrum antibiotics increased from 39.5% of visits in 2006 to 45.8% of visits in 2008 but then dropped to 33% of visits in 2010 (Figure 1 ). This favorable overall reduction was attributable mainly to a substantial decrease in the prescribing of macrolides by more than half from about 700 000 visits in 2006 to nearly 300 000 visits in 2010 (Figure 2) . Also, the prescribing of amoxicillin-clavulanate and second/third-generation cephalosporins decreased between 2006 and 2010 by about 40% and 20%, respectively.
Over the 5-year study period, the most commonly prescribed antibiotic class was second/third-generation cephalosporins, comprising 39% of all visits in which broad-spectrum antibiotics were prescribed. Table 2 shows an association between demographic and clinical factors and broad-spectrum antibiotic prescribing. The variables that were associated with the use of broad-spectrum antibiotics in the bivariable analysis were age groups, region, physician specialty, insurance type, and URI-specific diagnosis (P < .05). The odds of patients aged 6 to <18 years to receive broad-spectrum antibiotics were nearly 40% lower compared with patients younger than 2 years (unadjusted odds ratio [OR]: 0.63; 95% confidence interval [CI]: 0.47-0.84). Visits in the South were about 2 times more likely to result in a broad-spectrum antibiotic prescription than those visits in the West (unadjusted OR: 2.06; 95% CI: 1.42-2.98). General/family physicians (unadjusted OR: 0.75; 95% CI: 0.57-0.98) and other physician specialties (unadjusted OR: 0.52; 95% CI: 0.34-0.79) were less likely to prescribe broad-spectrum antibiotics than pediatricians. Likewise, visits with public insurance (unadjusted OR: 0.78; 95% CI: 0.61-0.99) and visits with self-pay/other (unadjusted OR: 0.56; 95% CI: 0.37-0.86) were less likely to result in a broad-spectrum antibiotic prescription than those with private insurance. Patients with acute otitis media (unadjusted OR: 1.96; 95% CI: 1.41-2.72) and those with acute sinusitis (unadjusted OR: 2.42; 95% CI: 1.47-3.95) were more likely to be prescribed broad-spectrum antibiotics compared with those with acute pharyngitis. Sex, race, MSA status, setting type, and fever were not significantly associated with broad-spectrum antibiotic prescribing according to the bivariable analysis (P > .05). Sex and MSA were excluded from the multivariable model because they were not nominally associated with the outcome (P > .25). Fever was predetermined to be entered into the multivariable model regardless of its nominal bivariable association with broad-spectrum antibiotic prescribing (P = .45).
Factors associated with broad-spectrum antibiotic prescribing
The multivariable model showed visits in the South compared with those in the West (adjusted OR: 2.38; 95% CI: 1.38-4.10) to be a significant predictor of prescribing broadspectrum antibiotics. Visits for acute otitis media (adjusted OR: 1.90; 95% CI: 1.32-2.74) and visits for acute sinusitis (adjusted OR: 2.77; 95% CI: 1.65-4.63) compared with those for acute pharyngitis were also significant predictors of prescribing broad-spectrum antibiotics (Table 2) . Age, physician specialty, and type of insurance were no longer significantly associated with broad-spectrum antibiotic prescribing in the multivariable model.
In the multivariable stratified analysis, we found that visits for acute sinusitis among patients 2 years or younger were much more likely to result in a broad-spectrum antibiotic prescription compared with visits for acute pharyngitis (adjusted OR: 3.55; 95% CI: 1.26-9.98) ( Table 3) . Among visits from patients older than 2 years, we found that sex, race, region, and URIspecific diagnosis were independently associated with broadspectrum antibiotic prescribing ( 
Discussion
In this study, we examined the use of broad-spectrum antibiotics for children with URI during ambulatory care visits using a nationally representative data set. From 2006 to 2010, we found that the prescribing of broad-spectrum antibiotics for children with URI was very common in the US ambulatory care settings, ranging from 33% to 45.8% of visits ( Figure 1 ). Acute otitis media was the primary driver of broad-spectrum antibiotic prescribing, with an estimated average of 5.2 million visits annually. We found that 41.2% of all pediatric patient visits for acute otitis media resulted in a prescription for a broad-spectrum antibiotic (Table 1) . A previous study between 1998 and 2004 also reported that about 41% of acute otitis media patients received a broadspectrum antibiotic. 10 These results indicate that continuing education programs about the diagnosis and management of acute otitis media remain a critical area for promoting judicious use of antibiotics. Although acute sinusitis was not as common as acute otitis media, we found that broad-spectrum antibiotics were prescribed in nearly 47% of all visits for acute sinusitis. Furthermore, the multivariable analysis showed that visits for acute sinusitis as well as those for acute otitis media had increased odds of receiving broad-spectrum antibiotics compared with visits for acute pharyngitis. Streptococcus pneumoniae is the leading cause of both acute otitis media and acute sinusitis in the United States. 8, 17 The American Academy of Pediatrics (AAP) clinical practice guidelines recommend amoxicillin as the first-line therapy for most uncomplicated cases of both infections. 18, 19 In addition, a recent study by Gerber et al 20 found that treatment with broad-spectrum antibiotics was not associated with better clinical outcomes in children with URI when compared with treatment with narrow-spectrum antibiotics. Our findings showed an encouraging downward trend in the use of broad-spectrum antibiotics, especially between 2008 and 2010 ( Figure 1 ). Several studies have reported substantial increases in the use of macrolides for pediatric patients during the past decade. 2, 8, 10, 12, 21 In contrast to previous studies, we found that the prescribing of macrolides decreased by more than half between 2006 and 2010 ( Figure 2) . Likewise, prescriptions for amoxicillin-clavulanate decreased between 2006 and 2010 by about 40% despite the fact that visits for URI remained steady over the study period. Second/third-generation cephalosporins were the most commonly prescribed broad-spectrum antibiotics for children with URI in our study. Results from a recent study showed increases in the use of third-generation cephalosporins in 3 health plans between 2000 and 2010. 22 Ultimately, any additional decline in broad-spectrum antibiotic dispensing rates will most likely be driven by better adherence to evidence-based clinical practice guidelines for diagnosis and management of these common childhood infections.
In this study, we explored the association between range of characteristics and broad-spectrum antibiotic prescribing. As previously mentioned, the multivariable analysis revealed that visits for acute otitis media and those for acute sinusitis were more likely to result in a broad-spectrum antibiotic prescription compared with visits for acute pharyngitis. In addition, we found that visits in the South were associated with higher rates of broad-spectrum antibiotic prescribing compared with visits in the West. Visits in the South were also found to be associated with higher rates of broad-spectrum antibiotic prescribing in previous studies. 2, 10 Although the explanation for this association is uncertain, higher prevalence of penicillin resistance among strains of S pneumoniae in the southeastern and southcentral regions 23 could explain the higher rates of broad-spectrum antibiotic prescribing in the South. More studies to explore regional associations between broad-spectrum antibiotic prescribing and resistance trends are recommended. Our findings showed that fever was not a significant predictor of 
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In the stratified analysis, we found that acute sinusitis was significantly associated with higher rates of broad-spectrum antibiotic prescribing in both age groups. A finding of interest in our study is that among visits from children older than 2 years, black patients were less likely to receive broad-spectrum antibiotics compared with white patients. A previous study that analyzed visits for acute otitis media from 1998 to 2004 has reported that non-white patients were less likely to receive broad-spectrum antibiotics than white patients. 10 This finding may raise concerns about racial differences in the quality of care provided for children in outpatient visits.
There are several limitations in our study that need to be acknowledged. First, the NAMCS and NHAMCS data sets do not contain certain clinical factors that could have justified a provider's choice of antibiotic. For example, we were unable to take into consideration allergy to penicillin, which is a reason not to prescribe amoxicillin. Second, diagnoses in the NAMCS and NHAMCS data sets are coded according to the ICD-9-CM, Abbreviations: CI, confidence interval; MSA, Metropolitan Statistical Area; OR, odds ratio. a Independently associated with broad-spectrum antibiotic prescribing among >2 years. b Independently associated with broad-spectrum antibiotic prescribing in both age groups.
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Conclusions
In conclusion, the prescribing of broad-spectrum antibiotics is common for children with URI in ambulatory care settings, especially for children 24 months of age and younger. Efforts to decrease broad-spectrum antibiotics use should continue and focus more toward certain conditions and age groups. Diagnosis and management of URI in children remain a critical area for awareness programs promoting appropriate use of antibiotics.
